and survived at least 5 years following diagnosis (16, 17) . To enable comparisons with a population that had not been treated for cancer, a random sample of CCSS survivors was asked to identify a nearest-age living sibling for inclusion in the CCSS sibling cohort. The Human Subjects Committee at each participating institution approved the CCSS protocol, and all participants (or a parent or guardian of participants below age 18) provided informed consent before the study.
The CCSS baseline questionnaire, administered to the majority of the cohort by mail and telephone interview between 1994 and 1996, collected self-reported information about demographic data, medical care, medical conditions, health behaviors, and second or subsequent cancers. For each survivor in the CCSS, details of the primary cancer diagnosis and treatment were abstracted from medical records. Cumulative dose data were collected for 22 specific chemotherapy agents, and qualitative (yes/no) data were collected for 20 additional agents. Exposure to anthracyclines was expressed as the cumulative dose received. Exposure to alkylating agents was expressed as a total score based on the tertiles of various alkylating agents received, according to methods reported previously (18) . Radiation therapy records were photocopied and sent to the CCSS Radiation Physics Center to abstract relevant data and assess patient exposures in terms of field size, site, and dose. Copies of all questionnaires and medical abstract forms are available at www.stjude.org/ccss.
ES Study Population
Of the 574 ES survivors eligible for the CCSS cohort, 62 (10.8%) were not available for follow-up despite extensive efforts to locate them ( Figure 1 ). Among the remaining 512 subjects, 403 (78.7%) ES survivors enrolled in the CCSS, 108 (21.1%) declined participation, and one (<1%) participated only in the follow-up surveys. A comparison group of nearest-age siblings was identified from randomly selected survivors from the entire CCSS cohort. Of 4782 eligible siblings, 3899 (81.5%) participated. To define the potential for introducing bias among the studied cohort, we previously compared demographic and cancer-related characteristics among participants, nonparticipants, and those who could not be located. These three groups were found to be very similar with regard to sex, age at diagnosis, age when asked to participate in the study (or for those lost to follow-up, age when cohort was assembled), and type of cancer treatment (16, 17, 19) .
CONTEXTS AND CAVEATS

Prior knowledge
Advances in therapy for pediatric Ewing sarcoma (ES) patients have improved long-term survival, but the health risks for adult survivors have not been systematically studied.
Study design
Cause-specific mortality and health status of a cohort of long-term (≥5 years) survivors of childhood ES from the US Childhood Cancer Survivor Study (CCSS) were compared with those of sibling control subjects and the US population.
Contribution
Compared with siblings and the US population, ES survivors had higher mortality and higher risk of morbidity because of treatment, second malignancies, chronic health conditions, and functional impairment.
Implications
Long-term follow-up and late effect interventions are needed to improve the health of all ES survivors.
Limitations
The CCSS cohort is institution based rather than population based, so it is possible that the study survivor population was not representative of the overall survivor population. Health status was selfreported, which may introduce reporting bias. Treatments for ES have changed since 1986; thus, treatment-related morbidity may be different for more recent survivors. Assessment of late mortality included 568 of the 574 eligible ES survivors after excluding six Canadians who were not listed in the US National Death Index (http://www.cdc.gov/nchs/ndi.htm). Analysis of subsequent malignant neoplasms, chronic health conditions, fertility, and health status was restricted to the 403 ES survivors who completed the baseline questionnaire.
From the Editors
Overall and cause-specific mortality before January 1, 2003, was ascertained for the cohort of eligible ES survivors (n = 568) using the National Death Index (http://www.cdc.gov/nchs/ndi.htm) and information from the CCSS follow-up surveys (administered every several years by mail and telephone interview). Cause of death was obtained from death certificates and a review of CCSS survey responses according to methods previously described (20) . Overall survival was estimated by the Kaplan-Meier method from cohort entry (5 years after diagnosis) until censoring of subjects at the date of last contact or death. Standardized mortality ratios (SMRs) for overall and cause-specific mortality were computed as the observed number of deaths in the cohort divided by the expected number of deaths in the general population. To obtain expected numbers, person-years (PY) at risk for death were calculated from the time of cohort entry to the date of death or censoring, stratified by age, sex, and calendar year, and multiplied by age-, sex-, and year-specific US mortality rates reported by the National Center for Health Statistics (21) . A 95% confidence interval (CI) for each standardized mortality ratio was calculated using Poisson probability models. For ES survivors with treatment information, mortality rates were assessed according to radiation therapy (yes or no) using Cox proportional hazards models with age as the timescale and adjusting for sex and race/ethnicity. On the baseline and follow-up questionnaires, participants were asked to self-report second and subsequent cancers diagnosed after their original childhood cancer. Self-reports were verified and confirmed by the CCSS Pathology Center according to methods reported previously (22) . Nonmelanoma skin cancers, noninvasive meningiomas, and other neoplasms with an International Classification of Diseases for Oncology (23) behavior code other than malignant code 3 were excluded from the analysis of subsequent malignant neoplasms. Cumulative incidence probabilities of subsequent malignant neoplasms were estimated using death as a competing risk event (24) . Neoplasms that occurred before the baseline questionnaire was completed were considered prevalent at the time of cohort entry in the cumulative incidence curves. Standardized incidence ratios and excess absolute risk (EAR) of overall and specific types of second and subsequent malignancies were calculated in the same manner as the standardized mortality ratios using the US Surveillance, Epidemiology, and End Results (25) cancer incidence rates.
The occurrence and severity of chronic health conditions were determined following our previously described methods (26) . Severity of conditions was scored using the Common Terminology Criteria for Adverse Events, version 3 (27) : grade 1 (mild), 2 (moderate), 3 (severe), 4 (life threatening or disabling), or 5 (fatal). Severity of conditions, the presence of multiple conditions, specific types of conditions, and interval between cancer diagnosis and condition onset (calculated by age at onset of the condition and age at ES diagnosis) were assessed. The prevalence of chronic conditions among ES survivors and siblings at study entry (condition onset <5 years after diagnosis) was compared using a prevalence ratio, calculated by dividing the observed number of events among survivors by the expected number of events, assuming the survivors had the same age-, sex-, and race/ethnicity-adjusted rates as the siblings. Poisson probability models were used for these comparisons, adjusting for age, sex, and race/ethnicity (28) . Chronic conditions during follow-up (onset ≥5 years after diagnosis) were described by the relative risk of each condition among survivors compared with siblings, as computed by age-, sex-, and race/ ethnicity-adjusted Poisson probability models.
For the fertility analysis, 31 survivors (16 women and 15 men) were excluded because they were surgically sterile. In addition, 15 survivors (nine women and six men) were excluded because of the age restriction (age at baseline <15 years). Lastly, five men sired a pregnancy before cohort entry, and 11 women were pregnant before cohort entry and were excluded. Among 3899 siblings from baseline, 497 siblings (324 women and 173 men) were eliminated because of surgical sterility and 468 siblings (241 women and 227 men) were eliminated because of the age restriction (inclusion, age 15-44 at baseline). In addition, 56 female siblings were eliminated because they were pregnant before cohort entry. Thus, fertility was assessed among 341 ES survivors and compared with 2878 siblings. Cox proportional hazard models that used age as the timescale were used to compare hazards of a pregnancy, as previously described (29, 30) . Participants entered the risk set for regression analyses at the age at which they entered the CCSS cohort (5 years after date of diagnosis of primary cancer) or at age 15 years, whichever was greater, and were observed until the minimum age of first pregnancy, death, completion of baseline questionnaire, or age of 44 years, whichever came first. To create a similar age-based follow-up period, siblings were assigned a pseudo-diagnosis date that corresponded to the age of their survivor sibling at diagnosis of their primary cancer, and identical methods were used to define their time-to-event variables. Multiple-imputation methodology for event-time imputations was used for those who reported one or more pregnancies but who did not report age at first pregnancy (ES survivors, 3.5%; siblings, 3.1%). Relative risks were estimated for fertility among survivors vs siblings adjusted for education level, marital status, age at diagnosis, race/ethnicity, and smoking status.
Self-reported health status was evaluated for survivors and siblings who were age 18 or older at baseline. This study included four domains of health status: general health, mental health, functional impairment, and activity limitations (31, 32) . For general health, participants were asked, "Would you say that your health is excellent, very good, good, fair, or poor?" For the mental health domain, the 18-item Brief Symptom Inventory (33) was used. Participants who had a value above 63 (upper 10th percentile cutoff) on any of the three symptom-specific subscales (depression, somatization, and anxiety) were classified as having adverse mental health, and this outcome was used as the primary mental health outcome for this analysis. Questions assessing general health, functional status, and limitations of activity were adapted from the National Health Interview Survey (http://www.cdc.gov/nchs/nhis .htm) and the Behavioral Risk Factor Surveillance System Survey Questionnaire (http://www.cdc.gov/brfss/). Functional status was determined from three questions that asked respondents if they had any impairment or health problem that resulted in 1) needing "help with personal care needs, such as eating, bathing, dressing, or getting around your home"; 2) needing "help in handling routine needs, such as everyday household chores, doing necessary business, shopping, or getting around for other purposes"; or 3) "keeping you from holding a job or attending school." Activity status was determined from three questions that asked respondents if in the past 2 years their health was limited for more than 3 months in 1) "the kinds or amounts of moderate activities you can do, like moving a table, carrying groceries, or bowling"; 2) "walking uphill or climbing a few flights of stairs"; or 3) "walking 1 block." For each of the four domains of health status, the proportion of survivors and siblings reporting moderate to extreme adverse health was compared using odds ratios (ORs) derived from generalized linear models with a logistic link function adjusted for age, sex, and race/ethnicity.
Statistical inference was based on a bootstrap analysis with 1000 repeated samplings based on selecting families to account for potential within-family correlation between survivors and siblings (34) . For all other comparisons between survivors and siblings using logistic, Poisson, or Cox proportional hazards models, adjustments were made for potential intrafamily correlation with robust sandwich variance estimates (35, 36) , which accounts for nonindependence of observations between siblings. For Cox regression models, proportionality of hazards was evaluated for the key variables by testing for time-dependent changes in hazard ratios (ie, a test for interaction between variable of interest and the time-scale variable) and no departure from proportionality was observed. All analyses were conducted using two-sided statistical inferences and SAS version 9.1 (SAS Institute, Inc, Cary, NC).
Results
ES survivors and siblings were 52.6% and 48.1% male, respectively. Mean age at diagnosis for survivors was 11.6 years (range 0-20 years). Mean age of survivors and siblings at the time of completing the baseline questionnaire was identical at 26 years. Mean follow-up time from diagnosis to last contact was 23 years (range 16-33 years) for surviving participants, and time to death was 11 years (range 5-28 years) for those participants who died (Table 1) .
Survival and Late Mortality
Overall survival at 20 years from diagnosis was 78.5% for all ES survivors (95% CI = 74.9 to 81.8) (Figure 2 ). There were 136 deaths among this cohort of 568 eligible ES survivors of five or more years. Importantly, for individuals who survived their ES at least 5 years from the time of the diagnosis, 75% remained alive at 25 years after diagnosis, that is, the cumulative mortality was 25% at 25 years following entry into the CCSS (95% CI = 21.1 to 28.9). The all-cause standardized mortality ratio, including recurrence, was 13.3 (95% CI = 11.2 to 15.8) overall, 23.1 for women (95% CI = 17.6 to 29.7), and 10.0 for men (95% CI = 7.9 to 12.5).
Disease recurrence/progression of the primary ES accounted for 82 (60.3%) deaths. Other causes of death included subsequent malignant neoplasms (n = 19; SMR = 20.0, 95% CI = 12.0 to 31.6), cardiac disease (n = 8; SMR = 12.0, 95% CI = 5.2 to 23.6), other medical causes (n = 10; SMR = 4.0, 95% CI = 1.9 to 7.3), and pulmonary disease (n = 1). External nonmedical causes of death occurred in five survivors, and cause of death could not be determined in 11 survivors. The cumulative mortality because of nonrecurrenceprogression non-external causes (subsequent malignant neoplasms not related to the primary ES and cardiac and pulmonary disease potentially attributable to treatment) was 8.3% (95% CI = 5.4 to 11.3) at 25 years after ES diagnosis (Figure 3, A) . The nonrecurrenceprogression non-external cause standardized mortality ratio was Figure 3, B) ; adjusting for age, sex, and race/ethnicity, survivors who received radiation therapy were not more likely to die of nonrecurrenceprogression non-external causes compared with those who did not receive radiation (hazard ratio = 1.2, 95% CI = 0.4 to 3.5, P = .76).
With respect to subsequent malignant neoplasms, for those patients who received radiation therapy and those who did not, the standardized mortality ratios were 26.4 (95% CI = 14.4 to 44.7) and 10.0 (95% CI = 0.1 to 55.9), respectively.
Subsequent Malignant Neoplasms
Excluding 11 nonmelanoma skin cancers, there were 36 subsequent malignant neoplasms reported among 34 participants. Of these, 26 (86.7%) had received radiation therapy. The standardized incidence ratio for all subsequent malignant neoplasms was 5.9 (95% CI = 4.1 to 8.3) with an excess absolute risk of 48.1 per 10 000 PY of follow-up. First reported subsequent malignant neoplasms included breast cancer (n = 11, EAR = 17.7 per 10 000 PY), osteosarcoma (n = 8, EAR = 13.4 per 10 000 PY), papillary thyroid carcinoma (n = 4, EAR = 6.2 per 10 000 PY), acute myelogenous leukemia (n = 2, EAR = 3.3 per 10 000 PY), and one each of sarcoma (not otherwise specified), embryonal rhabdomyosarcoma, neuroblastoma, and others (n = 5). Median age at original diagnosis for those who developed subsequent malignant neoplasms was 13.5 years (range 6-20 years); median age at subsequent diagnosis of malignant neoplasm was 30 years (range 14-43 years). Median time from first diagnosis to first subsequent malignant neoplasm was 14.5 years (range 4-32 years). For those survivors who received radiation, the standardized incidence ratio was 6.6 (95% CI = 4.5 to 9.6), and for those survivors who did not receive radiation, the standardized incidence ratio was 3.3 (95% CI = 1.1 to 10.2, P = .28). As expected, thyroid cancer and secondary sarcomas were found most frequently in or near the radiation field. Among the 11 women (13 neoplasms) with breast cancer, four women (five neoplasms) had tumors in the radiation field (whole-lung radiation, dose range 1200-1500 centigray [cGy] units), one woman had invasive breast cancer in the right breast near her right humerus radiation field (6500 cGy), followed by a ductal carcinoma in situ in the left breast, and six women with neoplasms had not had any radiation in the area. The standardized incidence ratio for breast cancer among women treated with whole-lung radiation was 36.0 (95% CI = 15.5 to 83.5) with an excess absolute risk of 5.6. Among women not treated with chest radiation (or radiation to the adjoining areas), the standardized incidence ratio was 17.0 (95% CI = 7.8 to 37.2) with an excess absolute risk of 3.2.
The cumulative incidence of subsequent malignant neoplasms in all ES survivors at 25 years from diagnosis was 9.0% (95% CI = 5.8 to 12.2) (Figure 4, A) . The cumulative incidence for those who received radiation did not differ statistically significantly from those who did not receive radiation, although the number of survivors not receiving radiation was very small.
Chronic Health Conditions
At least one chronic health condition was reported by 70.7% of survivors compared with 33.7% of siblings (Table 2 ). Among survivors, 32.0% reported either severe (grade 3) or life-threatening or disabling (grade 4) conditions compared with 5.0% of siblings. For ES survivors, about 70% of any chronic conditions and 50% of severe or life-threatening conditions were present within 5 years of the original cancer diagnosis. During this time (before cohort entry), the prevalence ratio for at least one chronic condition in survivors vs siblings was 11.3 (95% CI = 10.2 to 12.6) and the prevalence ratio for severe or life-threatening/disabling conditions was 66.3 (95% CI = 50.8 to 84.9). Strikingly, the prevalence ratio for three or more chronic conditions was 86.9 (95% CI = 69.8 to 108.7).
The number of chronic health conditions that developed five or more years after diagnosis was not insubstantial. During this time (after cohort entry), ES survivors were twice as likely to report at least one chronic condition (relative risk [RR] = 2.0, 95% CI = 1.6 to 2.6) compared with siblings, six times more likely to report a severe or life-threatening chronic condition (RR = 6.0, 95% CI = 4.1 to 9.0), and two times more likely to report three or more chronic conditions (RR = 2.0, 95% CI = 1.0 to 3.3) ( Table 2) . Twenty-five years after diagnosis, the cumulative incidence of any chronic health condition (grades 1-5) in ES survivors was 79.7% (95% CI = 74.2 to 85.1) and the cumulative incidence of a severe, life-threatening or disabling, or fatal chronic condition was 46.4% (95% CI = 37.1 to 55.7) (Figure 4, B) . Note that the difference between the curves in Figure 4 , B, depicts the proportion of subjects who experienced chronic conditions of grades 1 and 2.
Survivors of ES were more likely than siblings to have arrhythmias (7.4% vs 2.9%) and other serious cardiac conditions (4.5% compared with 0.5%) ( Table 2 ). After adjusting for age, sex, and race/ethnicity, the relative risk of a survivor having an arrhythmia or serious cardiac event five or more years after diagnosis was 2.3 (95% CI = 1.4 to 3.9) and 7.5 (95% CI = 3.1 to 18.7), respectively. Chronic pulmonary conditions (chronic cough, shortness of breath, or lung fibrosis not requiring oxygen) were also more common in survivors five or more years after diagnosis, relative to siblings (RR = 2.6, 95% CI = 1.6 to 4.2). During this period, survivors were twice as likely as siblings to report chronic neurological problems (RR = 2.0, 95% CI = 1.4 to 3.0). Specifically, tremors (RR = 3.4, 95% CI = 1.2 to 9.3) and weakness (RR = 3.1, 95% CI = 1.3 to 7.8) were statistically significantly more common among ES survivors compared with siblings, adjusting for age, sex, and race/ethnicity.
Fertility
Among the 341 ES survivors who were evaluated for fertility status, 29.7% of women reported a pregnancy and 11.3% of men reported siring a pregnancy. In contrast, among the 2878 siblings, 40.1% of women reported a pregnancy and 33.2% of men reported siring a pregnancy. After adjusting for marital status, race/ethnicity, educational attainment, smoking status, and age at diagnosis, female ES survivors were less likely than siblings to report a pregnancy (RR = 0.65, 95% CI = 0.48 to 0.88, P = .005) (Table 3) . Similarly, male ES survivors were less likely to report siring a child than male siblings (RR = 0.38, 95% CI = 0.24 to 0.59, P < .001). Survivors with younger age at diagnosis had an increased likelihood of reporting a pregnancy.
Health Status
Among ES survivors who were age 18 or older at the time of the baseline questionnaire, 13.6% reported moderate to extreme adverse general health compared with 5.1% of siblings (OR = 2.9, 95% CI = 2.0 to 4.1, P < .001) ( Table 4) . A modestly greater proportion of survivors reported moderate to extreme adverse mental health (16.3%) than did siblings (10.2%) (OR = 1.8, 95% CI = 1.3 to 2.5, P < .001). Activity limitations were reported by 27.5% of survivors and 5.8% of siblings (OR = 6.5, 95% CI = 4.9 to 8.6, P < .001); functional impairment was reported by 14.7% of survivors and 2.6% of siblings (OR = 6.3, 95% CI = 4.3 to 9.4, P < .001).
Discussion
Advances in multimodal therapy for pediatric ES have led to gradually improving 5-year survival rates, increasing from 42% in With this improvement in 5-year survival, the numbers of long-term survivors of ES have gradually increased. This study provides a comprehensive description of long-term survival and key health outcomes from a relatively large and geographically diverse cohort of 5-year ES survivors treated in the 1970s and 1980s. To our knowledge, this is the first study that provides detailed information regarding survival beyond 10 years for patients diagnosed with ES. Importantly, for individuals who survived their ES at least 5 years after diagnosis, 75% remained alive at 25 years after diagnosis. Whereas 60% of late mortality (≥5 years after diagnosis) was attributable to recurrence/progression of the primary disease, it is important to note that 40% of late mortality was attributable to other causes, most notably second cancers (14%) and cardiac disease (6%). Pediatric oncologists must continue to engage in large randomized controlled therapeutic trials in an effort to improve the primary treatment of ES because 60% of the late mortality in this cohort was attributable to recurrent disease.
As noted, a major contributing factor to late mortality and to diminished health status of ES survivors was a subsequent malignant neoplasm. Previous studies with shorter follow-up reported an increased risk of secondary cancers following therapy for ES, primarily therapy-induced acute myelogenous leukemia (t-AML) or radiation-induced sarcomas (osteosarcoma and soft tissue sarcoma) (9,12,15). To our knowledge, our sample from the CCSS cohort is the largest number, to date, of case patients with subsequent malignant neoplasms following ES (excluding nonmelanoma skin cancer: 36 malignancies among 34 survivors). By 25 years following the ES diagnosis, the cumulative incidence of a second malignant neoplasm among survivors in our cohort was 9%. It is important to understand that to be eligible for the CCSS, participants had to have survived at least 5 years from the date of their primary cancer diagnosis. Thus, patients who died from t-AML within 5 years of ES diagnosis would not have been included. The small number of patients with t-AML in our cohort (n = 2) likely reflects this eligibility criterion. Notably, breast and thyroid cancer represented 32% and 12% of the second cancers, respectively. Indeed, the highest absolute excess risk of a second cancer was for breast cancer, which confirms two previous reports (11, 15) . In addition, to our knowledge, this study is the first to report an excess risk among both ES survivors treated with low-dose (1200-1500 cGy) wholelung irradiation and women not treated with radiation to the chest area. With respect to the former group, the Children's Oncology Group (38) recommends early initiation for breast cancer screening among women treated with at least 2000 cGy chest radiation. However, as noted by Inskip et al. (39) , the risk of breast cancer among women treated with therapeutic radiation during their childhood years is linearly related to the radiation dose; thus, screening among women treated with lower-dose whole-lung irradiation should be considered. Surprisingly, we also found an excess of risk among women who were not treated with radiation to the * All confidence intervals are two-sided. CI = confidence interval based on bootstrap sampling methods for PR and generalized estimating equations methodology for RR; PR = prevalence ratio comparing survivor prevalence with that expected in an age-adjusted estimate from the sibling population; RR = relative risk from a Poisson regression model. † For survivors, the sum of the "<5 years after diagnosis" and "≥5 years after diagnosis" columns may not equal the total because of missing information regarding the age at onset of the condition. ‡ Severity of chronic health conditions graded according to Common Terminology Criteria for Adverse Events, version 3 (27) ; to allow comparisons with siblings (all alive at the time of study), fatal conditions (grade 5) among survivors were represented by the maximum grade of a condition reported before death (grades 1-4). § Events among siblings too sparse to estimate expected number of events.
║ Heart attack, angina, congestive heart failure, heart transplant, or stroke. ¶ Chronic cough, shortness of breath, or lung fibrosis not requiring oxygen.
at University of Michigan on July 22, 2014 http://jnci.oxfordjournals.org/ Downloaded from chest or breast area, suggesting a possible underlying genetic predisposition and warranting further investigation. Few studies have focused on serious morbidities other than second cancers. The generalizability of these studies is limited by smaller cohorts of ES survivors (<100), shorter follow-up, and/or lack of a comparison population (4) (5) (6) (7) (8) . The prevalence of chronic conditions in ES survivors in our study (70.7%) is modestly higher than the 62% reported for the entire CCSS cohort (26) . This outcome is not surprising given the routine use of moderate-to highdose anthracyclines, alkylating agents, musculoskeletal surgeries, and radiation in the treatment of ES. For these survivors, the burden of chronic conditions remained high from diagnosis through follow-up. Although many conditions developed within 5 years of diagnosis, it is important to recognize that about half of the most serious conditions did not occur until later. In particular, arrhythmias and other cardiac conditions, pulmonary conditions, and problems with balance were approximately evenly split between the two time intervals (onset <5 and ≥5 years from diagnosis). The importance of long-term follow-up to monitor for these and other late-occurring conditions cannot be overemphasized.
Infertility was common among both male and female ES survivors. Female survivors were 35% less likely to report a pregnancy than siblings of childhood cancer survivors, even after excluding women who were surgically sterile. As reported by Green et al. (29) , infertility is associated with ovarian irradiation and high-dose alkylating agent chemotherapy. Contemporary therapy for ES includes high-dose cyclophosphamide and ifosfamide (40, 41) , and so we can anticipate that the rate of infertility will not be much different in women treated in the CCSS era compared with women treated today. Thus, it is imperative that methods of fertility conservation be further studied (42) . Musculoskeletal problems are relatively common late complications of treatment in ES survivors (5, 7, 43, 44) . The ES survivors in our cohort reported substantial functional impairment. Moderate to extreme adverse mental health was more common among ES survivors in this study than among siblings but was similar to the entire CCSS cohort (16.3% of ES survivors in this study vs 17.2% of all survivors in the CCSS) (32) . This result for mental health suggests that despite having considerable functional impairment and high rates of infertility, second cancers, and serious chronic health problems, long-term survivors of ES cope remarkably well.
One of the potential limitations of this study is that the CCSS cohort is institutionally based rather than population based; because institutions may have specific referral patterns, the potential exists for enrollment of a nonrepresentative survivor population. At the time the cohort was constructed, it was estimated that the institutions selected to participate in CCSS diagnosed and treated approximately 50% of pediatric cancer patients in the United States. It is notable that results from CCSS have been remarkably consistent for outcomes, including late mortality and chronic health conditions derived from population-based series (45, 46) . A second potential limitation of this study is that participants were treated between 1970 and 1986, so the results may not be relevant to current treatment modalities, although contemporary therapy for ES still includes the frequent use of high-dose anthracycline and alkylating agents (3, 40, 41) , as well as radiation or surgery for local control (47) . Although radiation is still an important modality for these patients, the use of lower doses (4500-5500 cGy rather than 6000-7000 cGy), smaller fields (1-2 cm margin rather than whole bone or muscle compartment) and conformal techniques (intensity-modulated, three-dimensional, limited area radiation therapy) will potentially decrease morbidity in currently treated patients. The CCSS is currently expanding the cohort to include patients diagnosed between 1987 and 1999. This expansion will provide important information regarding late effects of more contemporary therapeutic protocols. Nevertheless, the present results are relevant in underscoring the critical importance of long-term risk-based health care for this high-risk population of cancer survivors. A third potential limitation is that although mortality and subsequent malignant neoplasms were externally verified, most chronic health conditions and health status outcomes in this study were self-reported, introducing the possibility of reporting bias. Survivors may be more likely to be aware of asymptomatic health conditions simply because of more frequent medical checkups; however, detection bias is unlikely to account for the magnitude of difference between survivors and siblings. Radiation has been implicated as the primary treatment modality associated with late mortality. However, this observation is confounded by the use of radiation in patients with more advanced disease or when the tumor is centrally located (ie, pelvis, spine, head, and neck) and where surgery may not be a viable option for local control. Indeed, more than three-quarters of the ES survivors in this study were treated with radiation, thus limiting our subanalysis of some outcomes. Notably, whereas the incidence of second malignancies was higher among irradiated survivors vs nonirradiated survivors, mortality attributable to subsequent neoplasms and cardiac or pulmonary disease (ie, excluding progression or recurrence of ES) was similar for the two groups. Clinicians who treat ES appear to have incorporated the recommendation to use surgery for local control more frequently in clinical practice. In a recent trial conducted by the Children's Oncology Group (3), which enrolled patients from 1995 through 1998, 65% of patients were treated with surgery alone for local control; the remainder were treated with radiotherapy alone or a combination of surgery and radiotherapy.
In summary, this retrospective cohort of ES survivors and siblings of childhood cancer provides clear evidence of long-term negative sequelae in ES survivors. In addition to increased mortality following ES, survivors are at substantially higher risk of morbidity because of second malignancies, chronic health conditions, and functional impairment, all of which require extensive clinical management. Enrollment and long-term follow-up in late effect programs is clearly indicated in this cohort.
Appendix 1
The Childhood Cancer Survivor Study (CCSS) is a collaborative multi-institutional project, funded as a resource by the National Cancer Institute (NCI), of individuals who survived five or more years after diagnosis of childhood cancer.
CCSS is a retrospectively ascertained cohort of 20 346 childhood cancer survivors diagnosed before age 21 between 1970 and 1986 and approximately 4000 siblings of survivors, who serve as a control group. The cohort was assembled through the efforts of 26 participating clinical research centers in the United States and Canada. The study is currently funded by a U24 resource grant (NCI grant U24 CA55727) awarded to St Jude Children's Research Hospital. Currently, we are in the process of expanding the cohort to include an additional 14 000 childhood cancer survivors diagnosed before age 21 between 1987 and 1999. For information on how to access and utilize the CCSS resource, visit www.stjude.org/ccss.
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